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Why Research PAR 
Capabilities?

2) Stakeholder needs (N=80)1) Current technology is        
20­years old

Which type of scanning improvement 
do you consider most important?

62%
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Purpose                                                                                                                 
              Understand stakeholder needs in order to assess suitability 
of PAR as a useful weather radar technology

Identifying Strengths & Limitations 
of Current Radar Systems

Who: NWS and Broadcast Meteorologists

Methodology: Use the critical incident                             
technique to interview radar users.
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Critical Incident Technique helped 
pilot recruitment during WW II  
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Purpose                                                                                                                 
              Understand stakeholder needs in order to assess suitability 
of PAR as a useful weather radar technology

Identifying Strengths & Limitations 
of Current Radar Systems

Who: NWS and Broadcast Meteorologists

Methodology: Use the critical incident                             
technique to interview radar users.

Critical incident technique: Ask participant to recall critical 
incidents which illustrate strengths and limitations of radar.

Collaborators: Daphne LaDue and Jennifer Newman
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Need to detect a 
downburst/heatburst 
before one is happening.

Need to detect evolution 
and transitions between 
storm type.

Tornado 
cyclone/mesocyclone 
evolution can occur in 30­s to 
1­min.

PROBLEM

The motion in a downburst or heatburst is 
tangential to the radar. A divergence couplet 
at the ground means the event is already in 
progress. Mid­ and upper­level signatures 
are not reliably detected.

Forecasters want to make the best warning 
decisions with adequate lead time for people 
to take appropriate actions. Broadcasters 
need to decide when and how to cover the 
weather.

The transition from nontornadic to tornadic 
state often happens between WSR­88D 
volume scans.

WHY

High­temporal 
resolution data

USER NEED

Identifying Strengths & Limitations 
of Current Radar Systems
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Objective

Determine how to best capitalize on PAR 
capabilities to address 21st century 

forecast and warning needs
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What is the difference between 
the

 WSR-88D and Phased Array 
Radar?
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PAR is Blue

Conventional radar is White
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Weather Radar Antennas:
Conventional and Phased Array

Mechanical scanning via rotation of 
         the antenna (Smearing)

 Limited Scanning Capabilities

Conventional Antennas Phased Array Antennas
Electronic scanning with fixed 
antenna (No Smearing)

 Flexible Scanning Capabilities
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Ultimate Goal What we have now

Other methods for obtaining 
higher­temporal resolution data

1­min Scan Rate
90°
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Repeat lowest 
tilt every 30 
seconds

1-minute 
Volume Scan

Other methods for obtaining 
higher­temporal resolution data



13

Experiment Overview 

WHEN                                                             
28 April – 6 June 2008; Mon – Thur, 1 – 9 pm 

WHERE                                                    
 NOAA HWT, NWC, Norman, OK

WHO                                                         
          19 National Weather Service 
forecasters from 17 Offices
WHAT                                                                             
Analyze PAR and WSR­88D data during                     
real­time and playback events                                         

Issue warnings; respond to survey
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WHY
To assess:

1) Strengths and limitations of PAR data in analysis of 
severe storms

2) How characteristics of PAR scan strategies affect 
interpretation of severe storms

3) How PAR data affects warning decision making

4) How PAR data may be of benefit to operational 
responsibilities

Experiment Overview 
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CASE #1: Microburst (N=17)

10 July 2006

PAR     

VCP 12 BMX          
     90° sector           
      Images ~ 34 s

WSR­88D              
        

VCP 12                  
                    
Images ~ 4.1 min

PAR

KTLX
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Few minutes additional          
lead time                                    
  

[Rapid updates] “will help get the          
warning out period.”                               
                     

“Rapid sampling would definitely           
help us to improve pulse storm 
warnings. We have many missed  
pulse storm hail and wind warnings.”

Benefits of High­temporal Sampling
PAR Divergence PAR Reflectivity

T = ­13 min

T = ­6 min

T = 0 min

Storm-top 
divergence

Convergence    
                          
      at cloud 
base

Updraft

Echo-free 
region

Deep 
midaltitud
e 
convergen
ce

Weak 
outflow

Descendin
g high-
reflectivity 
core

Strong 
outflow

Precipitati
on “foot”

Capability to identify key 
precursors to 
microburst development 
and monitor their 
evolution 
                                    

Words used to describe 
the data:  
“very useful” 
“extremely helpful” 
“valuable”

Better estimates of         
maximum winds   

“High temporal resolution of PAR 
[data] allowed me to identify near­
ground­level severe winds which          
were considerably under­played by 
KTLX: 27 kt vs 57 kt.”

Increased confidence                    
                                   

“You can diagnose better what’s           
       going on so you can have more 
confidence in issuing or not issuing 
warnings.”
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KTLX

PAR

KTLX

Low­topped Supercell (N=10)

Detailed depiction of   
                                
supercell storm            
                           
structure & evolution
“Superior to KTLX for             
                                  
identifying mini­supercell       
                                        
features.”

Benefits of High­temporal Sampling

PAR                 
VCP 12 BMX         
      60° sector

0.5° oversampling 
 in azimuth

Images ~ 43 s

WSR­88D               
       VCP 12            
 Images ~ 4.1 min

19 August 2007Quicker analysis of          
                       developing 
circulations                    
                         
“Rapid updates at the                  
    0.5° tilt were critical in this       
          case; rotation and TVS     
              features were very fast  
                moving and very fast 

to             evolve.”

Increased lead time        
                     and 
confidence                   

“Allowed the tornado 
warning                               
         to be issued 3–4 min 
before                                 
                                  the 
signature appeared on        
                           88D, and 
with higher                          
   confidence.”
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Concept of Operations

Recalibration of the warning decision process 

Need to gain experience as to how many consecutive 
scans need to be examined prior to issuing a warning

Data Action
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What have we learned?

Determine how to best capitalize on PAR capabilities to 
address 21st century forecast and warning needs.

Objective:

For the two cases evaluated by forecasters:

High­temporal sampling was beneficial to their 
warning decision­making process

Improved capability to identify, analyze, and 
monitor storm processes related to severe weather

Few minutes additional lead time

Higher confidence in decision­making
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Next Steps

Smart Adaptive 
Scanning Strategy 

Experiments (SASSE)

Phased 
Array Radar 
Capabilities

Innovative 
scanning 
strategies

Development & 
implementation 

of detection 
algorithms

Improved 
understanding    

         of 
convective 

storms

Increased lead 
time & accuracy 

of weather 
warnings

Improved 
predictability of 
storm evolution
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